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1.0 Introduction                                                                                                                 
Libraries and other institutions with significant audio/video (AV) capital are being 
challenged increasingly with the prospect of addressing issues of preservation and access 
of deteriorating analog collections.  The challenges of handling these data are daunting 
indeed.  Any multimedia digitization effort will be a highly complex, multifaceted 
enterprise requiring expertise in a variety of technical and non-technical fields.  
Collection development, audio engineering, database design and management, 
programming and metadata architecture are but a few.  These challenges are more 
formidable still for libraries with limited resources.  In an era of fiscal uncertainty, it is 
imperative that libraries discover economical means of preserving, managing and making 
available significant multimedia collections for broadly distributed audiences.  Despite 
the profoundness of these challenges, the alternative is unthinkable—to lose forever 
collections of immense value. 
 Much has been much written about these diverse challenges and many projects 
have explored these issues; however, it seems that less has been done to address the 
challenges of adapting the needed technologies to the economic realities of libraries.  
Libraries are facing new responsibilities for managing more complex data.  The resources 
needed to handle these multimedia data are not always readily available to institutions 
struggling with declining budgets and limited access to technical expertise.  Libraries 
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must be prepared to confront these challenges in ways that satisfy the demands of the 
information consumer while confronting perennial fiscal difficulties.  This study explores 
some available technologies and methods for the preservation of aging analog audio 
materials through digitization and subsequent management. 
2.0 Collection Description 
 To better understand the technologies and practices considered in this paper, an 
existing analog audio collection will be cited to establish context for the study.  Dr. Walt 
Wolfram is a celebrated linguist, currently at North Carolina State University in Raleigh.  
His work has taken him to many parts of the United States and beyond, but much of his 
best-known work has been done in studying the disappearing regional dialects of North 
Carolina, including the Ocracoke Brogue, the Lumbee Indian dialect and an array of 
Appalachian dialects.  Until quite recently, Dr. Wolfram and his colleagues have used 
magnetic tape to record interviews with the speakers of these dialects.  Stored on cassette 
tapes, these recordings have served Dr. Wolfram and his students and staff for many 
years; however, after years of repeated use their condition is now approaching exigency.  
 This collection has burgeoned into an impressive 1,500 cassettes, covering 
dialects ranging from Appalachia to the Outer Banks.  The collection, while primarily of 
interest to linguists, also represents a trove of knowledge as oral histories.  Contained on 
these tapes are stories and folklore, local histories, and unique insights into disappearing 
ways of life that would be of interest to a variety of audiences.  If preserved and made 
accessible, the collection would become a valuable teaching and learning resource across 
a number of disciplines.  This study is concerned with identifying available technologies 
and strategies to protect this valuable collection of recordings from inevitable loss.  Such 
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a loss would be tragic, not only for the years of work they represent, but also for the loss 
of folkways and cultural histories and the very dialects used to convey them.   
3.0 Preservation and Access Issues  
 Any digitization effort will have preservation as its raison d'être.  “The primary 
purpose of digitization is preservation” (Plichta).  Necessarily, some of the issues 
surrounding preservation must be addressed.  What follows is a brief consideration of 
some of these issues, with emphasis on how they are relevant to the Wolfram collection.   
3.1 Emulation and Migration 
  There are essentially two schools of thought in the approach to preservation of 
multimedia data—emulation and migration.  Emulation seeks to maintain the original 
format of the multimedia objects by also maintaining the environment in which those 
objects can be accessed.  For example, in the case of a cassette collection like that of Dr. 
Wolfram, the cassettes would be stored under optimal conditions for preservation, and 
resources would be allocated to maintain the necessary audio equipment to play them 
back.  Additional cassette copies might be made for use as service copies and to protect 
original recordings against loss.  As cassettes and other non-digital media degrade from 
each use, this is an essential element to an emulation strategy.  Migration, on the other 
hand, seeks to move the multimedia objects to a completely new format.  The two of 
these approaches have their merits, particularly when considered in the context of 
institutions of varying resources and priorities.   
3.1.1 Emulation 
 Emulation is defined as, “maintaining the ability to execute the software needed to 
process data stored in its 'original' encodings” (Thibodeau “Enter the Emulator”).  
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Migration, however, is, “changing the encodings over time so that we can access the 
preserved objects using state-of-the-art software in the future” (Thibodeau “Sorting IT 
Out”).  These definitions are in the context of modern computer technology 
(software/hardware) but are generally applicable.  Emulation preserves the objects in 
their existing formats and seeks to maintain the environment in which they can be used.  
However, Thibodeau also observes that, “Over the long term, keeping original 
technology is not practicable and may not be feasible” (“Preserving Technology: The 
Numbers Add Up, and Then Some”).  As obsolescing technologies become increasingly 
rare they become more exorbitant to procure and maintain.   Cassette decks are becoming 
increasingly rare, and will very likely all but disappear in coming years.  Maintaining and 
replacing such hardware can become prohibitively expensive.  Inevitably, the ability to 
reproduce sound from cassettes "will be lost as analog technology loses market support" 
(Webb, Bradley).  Emulation may seem an attractive option in the short term for 
organizations with limited resources; the costs of maintaining or replacing aging 
equipment and storing and maintaining aging formats like cassettes may prove greater in 
the long term.    
3.1.2 Migration 
 Migration is the movement of an object from one medium to another (analog to 
digital) for use by existing and future technologies.  Rather than expending valuable 
resources struggling against the inevitable demise of fading technologies, organizations 
with sufficient resources should elect to migrate to new formats.  “There is no choice but 
to accept that data migration is the only intelligent policy” (Cohen).  In any project 
involving the Wolfram collection, it is clear that, given adequate support, migration is the 
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correct preservation strategy.  The existing medium and associated hardware are expiring, 
and digital formats can be expected to see use for the foreseeable future.  Furthermore, 
digital recorders now are replacing the aging tape recorders used by linguists in the field.  
Henceforth, it is increasingly likely that dialect interviews added to the collection will be 
“born digital” using new digital field recorders.  This should serve as an additional 
impetus to migrate existing interviews to this new format.       
3.2 What Digitization is Not 
 Despite the great promise of digitization, it does not transform existing analog 
materials into deathless digital objects.  “The longevity of digital information is 
constantly threatened by the combined assault of limited media life and the inexorably 
rapid evolution (and resulting obsolescence) of the software and supporting hardware 
systems” (Rothenberg “Overview”).  Digitization is not necessarily the remedy for 
obsolescent media.  It does, however, offer hope of preserving for the future countless 
hours of audio content that would otherwise be lost forever.  “Preservation reformatting 
will be required for all media upon which sound is recorded, since preservationists 
acknowledge that there is no permanent format” (Brylawski “Preservation”).  Brylawski 
suggests that perhaps these technological advances represent only ‘buying time’, as no 
permanent solution can be achieved; however, not enough emphasis can be placed on the 
staggering cost of allowing content on failing media to disappear (“Preservation”).  “The 
key to preserving digital data lies in keeping multiple copies on a variety of media” 
(Seadle 100).   It is important to consider a layered, redundant approach to a digitization; 
simply moving from analog to digital format does not constitute sound preservation 
policy.  Based on these points it is entirely accurate to say, “The future of audio 
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preservation is reformatting audio tapes and disks to computer files and systematically 
managing those files in a repository” (Brylawski “Preservation”).  Digitization is not the 
endgame of preservation, but another step in an ongoing struggle to protect valuable 
cultural and intellectual capital from permanent loss. 
4.0 Introduction to Audio 
 Before beginning any discussion of how to best handle analog audio collections in 
a digitization project, it is important to very briefly cover some elementary vocabulary 
and concepts of sound and audio.  This will serve to introduce also some of the language 
of sound and audio, which will be important to a fuller understanding of audio 
digitization.  Potentially unfamiliar terms appearing in subsequent sections will be 
italicized on first appearance.  These terms and their definitions can be found in 
Appendix A.   
4.1 Nature of Sound 
 Without sound, the gases that compose the air of our atmosphere would remain 
relatively stable and uniform.  Sound complicates the balance by exerting pressure on this 
complex mixture of gases.  “Sound is simply an airborne version of vibration” 
(Watkinson, 23).  A periodic sound can be measured by wavelength and frequency.  In a 
periodic event, wavelength is the measure of the distance between successive peaks in a 
wave.  Frequency is the number of events that occur within a time interval, usually a 
second.                
4.1.1 Analog Audio 
 Analog audio signals exist within an electrical context.  “An analog audio signal is 
an electrical waveform...” (Watkinson, 3).  Analog audio signals are created when sound 
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enters a system (say, through a microphone).  These percussive or periodic disturbances 
cause changes in the electric current in the device, resulting in an analog audio signal that 
can be then transmitted and/or recorded.  Perhaps the greatest disadvantage of analog 
audio is that any system used to convey it will have random variations (noise); though 
much can be done to mitigate the prevalence of noise in an audio signal, over time and 
distance these random variations can seriously undermine the quality of the audio.           
4.1.2 Digital Audio 
 “Digital audio is simply an alternative means of carrying an audio waveform” 
(Watkinson, 3).  Digital audio uses sampling to represent a discrete segment of an analog 
waveform with exacting accuracy and minimal distortion.  Sampling means that the audio 
waveform is systematically measured at regular intervals rather than by continuous 
representation across the waveform.  These sampling measurements are recorded in 
binary format, which is extremely accurate in its representation of the original analog 
signal and can be interpreted by computers and other digital devices to faithfully 
reproduce the original audio signal.  The random variations that occur in analog formats 
can be, once moved to digital format, systematically identified and eliminated.  This is 
because discrete values in binary format can be identified specifically as noise, where it is 
almost impossible to differentiate noise in an analog signal since it covers a continuous 
spectrum.  Clearly, digital signals offer significant advantages over their analog 
counterparts in that they do not accumulate noise from systems, and noise recorded to 
digital format from analog sources can be eliminated.   
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 4.1.3 Psychoacoustics 
 Psychoacoustics is concerned with the human perception of sound.  It concerns 
the way in which acoustic waves interact with the physical apparatus of the ear and the 
nerve impulses that allow the brain to interpret sound events.  A detailed discussion of 
this field is beyond the scope of this study; some of the findings of psychoacoustics, 
however, are relevant to this discussion.  Germane to this discussion of digitization are 
the findings of what range of frequencies are accessible to the apparatus of human 
hearing.  At the bottom of its range, human hearing was thought to approach 40 
Hertz(Hz).  However, more recent studies suggest that we may be able to perceive sound 
at a range as low as 20 Hz.  This discrepancy, though seemingly trivial, plays an 
important role in improving “reality and ambiance” (Watkinson, 32).  At the high end of 
the frequency spectrum, humans can perceive between 16 and 20 kilohertz(kHz).  
However, the frequency of an audio reproduction designed for human perception must be 
produced at double this range.  “Acoustic signals that humans can hear lie in the limited 
range of about 20-20,000 Hz.   Thus, intuitively, in order to reconstruct exactly the 
original audio signal, one should use the sampling rate at least 40,000 Hz.” (Plichta, 
Kornbluh 5).  This is in essence what is known as the Nyquist Theorem.  Harry Nyquist, a 
Swedish immigrant who came to the United States in 1907, suggested that recorded audio 
should be sampled at about twice the accepted range of human hearing to be of 
acceptable quality for reproduction.  What this means in practice is audio should be 
sampled generally at around 44 kHz to minimize distortion or contamination.  This is the 
quality standard for modern professional audio reproduction.       
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4.2 Brief History of Audio Recording Technologies 
4.2.1 Earliest Technologies 
  
The history of recorded audio stretches back to the middle of the 19th century.  It 
was in 1857 that a Frenchman named Leon Scot demonstrated his phonoautograph for the 
first time.  It was followed years later by Thomas Edison's better-known phonograph.  
These marvelous inventions were succeeded in the following decades by a progression of 
technological advances, including the first recording devices using magnetic recording, 
introduced by Danish Inventor Valdemar Poulsen.  The use of magnetic tape was 
pioneered in Germany during the years leading up to the Second World War; captured 
devices were brought back to the United States, improved upon, and the age of magnetic 
tape began.  Today, magnetic tape still finds uses in information technology; lauded for 
its tremendous storage capacity, it is used to back up data from digital servers.  As a 
medium for capturing and reproducing audio, however, the day of magnetic tape has 
essentially passed.  In 1982, the arrival of the compact disk signaled the effective end of 
the cassette tape.  This brief treatment of the history of recorded audio is rife with 
omission.  A myriad of other formats, widely used or not, could be cited and studied.  
These include the 78, the 8-track, the MiniDisc and many more.  As Dr. Wolfram's 
collection currently exists almost wholly on cassette tape, this study will be concerned 
only with this particular format.   
4.2.2 The Cassette Tape  
 Even before the 8-track there was the cassette tape.  However, the commercial 
success of the 8-track and its superior sound quality eclipsed its smaller cousin for a 
number of years.  Robert Dolby, seeing the potential for the smaller cassette, introduced 
hiss reduction technology, popularly called "hi-fi" (high fidelity).  This advancement, 
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coupled with improvements in recording and playing devices, assured the success and 
dominance of the cassette.  The underlying technology of the cassette tape was not new, 
even in 1968.  Based on gamma-ferric oxide tape formulation, it had been in use since the 
reel-to-reel tapes of the 1940s.  Eventually, the mixture was supplanted by one containing 
iron oxide mixed with or replaced by chromium dioxide or metal particles, producing 
higher quality sound.  The proliferation of the cassette tape can be attributed to a number 
of its characteristics.  It was much smaller and portable than the 8-track and other popular 
media, it produced good quality sound, and it was inexpensive.  The cassette tape became 
the medium of choice for all manner of recordings, including entertainment, dictation, 
recording from other media and use by scholars for recording dialect interviews, oral 
history and folklore and any other content of intellectual interest.  After decades of 
reigning as the prevailing format, there are countless hours of valuable audio content 
scattered throughout the world in various collections.   
4.2.3 Digital Media and Pulse Code Modulation 
 Digital media are not new; they have been under development and in use for well 
over three decades.  “Sound has been recorded digitally since the 1970s, when pulse code 
modulation (PCM) became an accepted method of recording by audio engineers and 
producers” (Brylawski “Introduction”).  PCM works by sampling an analog waveform at 
regular intervals, the product being a series of binary numbers.  There are only two 
possible values, 1 and 0, regardless of the complexity if the original analog audio signals.  
PCM as a process has remained a standard throughout the history of digital media, and is 
the basis for virtually all analog conversions—whether the source material is a full-
motion video or recorded audio converted from audio cassette to compact disk.      
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4.2.4 Compact Disks 
 The 1970s was a decade of rapid advancement in the field of digital recording.  
Finally, in 1977, a digital studio recording was made for the first time.  It was only a year 
later than Phillips demonstrated the first compact disk prototype.  Over the next four 
years, Sony and Phillips, both pioneers in the field of digital recording, would form a 
coalition that would produce the first consumer CDs.  The process of making a CD is 
relatively simple; a laser is used to 'burn' tiny pits into the surface, often in a spiral 
pattern.  These pits represent the digital data, in the aforementioned binary format.  Once 
the master disk is created in this way, it is in turn used to press production CDs for 
distribution and sale.     
 Until relatively recently, the technology to burn, or record a CD was limited to 
industry.  Today, the capability to record to a compact disk is virtually standard on 
consumer personal computers.  This makes recordable compact disks an accessible and 
economical option for digitization initiatives.  CD-Rs are not without problems, but they 
are more robust than magnetic audio cassettes and reproduce sound of superior quality.  
Since there is no contact between the media and the playback device, there is no wear 
from use.  Furthermore, CD-Rs have proliferated wildly and enjoy almost universal 
market support, much as cassette tapes themselves once did.  CD-Rs represent an 
important component of any access and preservation scheme.  They are also quite 
inexpensive, depending on their quality.  They can be used to create access and safety 
copies of digital files, and can be copied repeatedly without degradation.  As part of a 
larger preservation scheme, which ideally should include mass storage on a networked 
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and backed up server system, they are currently the best choice for copying content from 
moribund media for long term preservation. 
4.3 Standards and Formats   
 The number of digital audio file formats available is truly bewildering.  However, 
there are a few that are considered to be de facto standards and that must be considered 
for a project such as this.  “Migration is expensive, which is why it matters so very much 
to use formats that others have accepted as actual or de facto standards” (Seadle 105).  
The decision about which file format(s) to use is not a trivial one.  The repercussions of 
the decision could be felt years after the initial preservation efforts begin if the format 
falls out of favor or loses market support.  For example, the Real Audio format, popular 
for many years, is now experiencing eroding market support due to competition with 
competing formats (Olsen).  Many existing audio digitization projects that were initiated 
when Real Audio was more popular soon may be faced with the migration of their 
collections to prevailing formats.   
4.3.1 Open Source Formats 
 As one of the goals of this study is to explore open source alternatives to 
proprietary formats, it is important to note that there are a number of open audio formats 
available for use; some of these formats surpass the proprietary formats in sound quality, 
particularly when considered for specific uses.  Ogg Vorbis <http://www.vorbis.com>, 
for example, is one of the more popular of these formats that has been embraced by the 
open source community.  This format is generally regarded as superior to the popular 
MP3 format with regards to overall quality of sound.  Also important is the fact that the 
MP3 requires licensing fees as of 1998.  Some have even suggested that in the future it 
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may compete well with MP3 in the marketplace (MP3).  Ogg Vorbis audio files, 
however, are not well supported by popular media players.  Until this changes, it must be 
dismissed in favor of the ubiquitous MP3, which has experienced extraordinary 
proliferation.   
 Another open codec of particular interest to this project is Speex 
<http://www.speex.org/>.  This format is particularly well suited to speech transmission 
and recordings, which have different demands from music and other sound.  Despite the 
superior handling of speech this format offers, it too currently suffers from lack of 
support among the major media players that patrons will use to access multimedia 
content.  It is indeed unfortunate that these alternative formats do not receive greater 
attention and support.       
4.3.2 Uncompressed (lossless) Formats 
 The first uncompressed format to be considered is the Audio Interchange Format 
File (AIFF).  The AIFF format has a number of virtues, including excellent sound quality.  
It was developed by Apple, and does not have the wide support enjoyed by other 
standards.  Another significant problem facing this format is its large file size.  An AIFF 
file can be as much as ten times the size of an MP3 file of the same content.  This is 
because it is lossless, and preserves all the data of a recording without compression.  
Despite generally poor support, AIFF files are still a good choice for preservation-quality 
recordings because of their high fidelity.   
 The Waveform extension (.wav) format, like AIFF, possesses excellent sound 
quality, but is also widely supported across platforms and browsers.  It has a number of 
virtues that recommend it to the Wolfram collection.  “The WAVE file format is 
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recommended for storing digital versions of speech recordings.  WAVE files are 
uncompressed, thus preserving all bits of information recorded in the AD process.  It is 
also widely used and easy to process and convert to a variety of streaming formats”  
(Plichta and Kornbluh 7).  Developed by IBM and Microsoft, the format can be used on 
any computer using the Windows operating system and by most web browsers and media 
players.  However, like AIFF, WAVE produces large file sizes that are generally 
unsuitable for use over the Web, at least when considering networks with limited 
bandwidth.  Either one of these formats would likely be used as a preservation or safety 
copy to be stored rather than to be used for deployment on a Web and/or streaming 
server.  These two formats share a number of excellent features; however, WAVE enjoys 
a clear advantage in having significantly greater support among platforms, browsers and 
players.  As such, the format will likely endure for the foreseeable future.   
4.3.3 Compressed (Lossy) Formats 
 The two file formats examined above would be likely choices for preservation 
copies of audio objects and generally would not see use on the Web for download or 
streaming purposes.  The next two, however, use high compression rates to achieve a file 
size that is more useful for streaming or downloading.  The first, Real Audio 
<http://www.real.com/>, is a format that is recognized as offering the best compression, 
consequently producing smaller file sizes.  Real files may have the following file 
extensions: .ra, .rm, or .ram.  The smaller file sizes make them suitable for low-
bandwidth networks.  Of course, this comes at some discernible cost to sound quality.  
Real Audio files also work best with RealPlayer, a proprietary media player.  Real offers 
a number of features that would recommend it to a digitization effort; it strongly supports 
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the Synchronized Multimedia Integration Language (SMIL) and is quite popular.  The 
player is also available on most operating systems, including the Macintosh OS and even 
Linux.  However, it is a proprietary format that runs on a proprietary player.  This, along 
with reports that it is experiencing declining market support (Olsen), might lead some to 
eschew the use of this format as part of a long-term preservation effort.     
 MPEG-1 Layer-3, popularly known as MP3 (.mp3), is the product of the Moving 
Pictures Experts Group standard for video compression and transmission.  MP3 is 
essentially the audio component of the MPEG standard.  MP3 is immensely popular, 
combining excellent sound quality with small file size.  It is almost universally supported.  
In their paper on online oral history archives, Jane Hunter and Darren James reveal, “A 
comparison of Real Audio and MP3 versions demonstrated that, although each MP3 file 
was approximately 25-30% larger in size, the sound quality was significantly better” 
(294).  Hunter and James go on to conclude, “MP3 offers sound quality that comes close 
to the quality of .wav files but at greatly reduced file size, which means that they 
download much faster.  For this reason, the MP3 file format was selected as the final 
storage format” (294).  Though increasing bandwidth and proliferation of broadband 
access technologies make file size less of an issue, the majority of Internet users, 
particularly those outside the most 'wired' of communities, may not have such access.  
Bearing this in mind, it is important to choose a file format that strikes a balance between 
file size, sound quality, compatibility and accessibility.  The MP3 file format meets all of 
these criteria.  Another interesting characteristic of the MP3 format that is shared with 
WAVE is the capacity of both to store large amounts of descriptive or other data within 
the file itself.  This can indeed be very useful for metadata storage and retrieval of the 
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audio as a collection grows.  However, it is important to again point out that MP3 is now 
a licensed format.  As open formats such as the previously mentioned Ogg Vorbis 
become more widely accepted, they may become more attractive to practitioners of audio 
digitization and preservation. 
5.0 Established Guidelines for Analog Audio Digitization 
 As there are no real codified standards for audio digitization projects, the 
guidelines and recommendations that have emerged from recent years of research and 
testing can be indeed bewildering.  “The National Recording Preservation Act of 2000 
directs the Library of Congress to work toward the creation of standards for digital 
preservation” (Brylawski “Standards”).  The Library of Congress has since developed a 
number of guidelines, but has yet to establish a definitive set of standards.  Other 
organizations, such as the MATRIX project at Michigan State University, have also done 
extensive research into the field and have published findings and recommendations.  
These recommendations represent years of dedicated research and can be considered 
rather authoritative; however, a digitization strategy will need to be developed to meet the 
needs and goals of individual organizations.  The findings of these institutions represent 
the best possible methods that are based on access to the best resources.  Smaller 
institutions with fewer assets should not be compelled to adhere to these standards if they 
prove unrealistic. 
 The WAVE and MP3 formats seem to be the favorite among contemporary 
digitization efforts, but Real Audio is still widely used.  If sufficient resources are 
available, it may be advisable to digitize audio into multiple delivery formats; this not 
only offers more choices to the information consumer as to how they can access the 
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content of the audio, but also can serve to protect the collection in the event that a 
particular format falls out of favor.          
 Michigan State University’s MATRIX project, funded by the Digital Libraries 
Initiative II (DLI II), has a number of standards and recommendations for its Oral History 
division.  The practitioners at Michigan State recommend using a sampling rate of 96 
kHz with 24-bit resolution.  A 96 kHz sampling rate produces better sound quality and 
less distortion and error than 44 MHz.  The goal of audio preservation is to capture the 
entire signal for preservation, including frequencies outside the limited human hearing 
range; consequently, it is sometimes necessary to use these higher sampling rates at 
higher resolutions.  Whatever the case one makes for preserving signals imperceptible to 
human hearing, the National Initiative for a Networked Cultural Heritage (NINCH) holds 
that, “As the sampling rate and quantization levels increase, so does the perceived sound 
quality” (4).  Consequently, it is important to use the best sampling and resolution 
possible in any audio digitization project. 
 For some institutions, however, these standards may prove too exacting in terms 
of required resources.  The CD-R audio standard is based on the range of human hearing 
and is 44.1 kHz sampling and 16-bit resolution.  16-bit resolution here represents the 
level of quantization.  “Quantization is the process of approximating a continuous signal 
by a discrete set of integer values” (Quantization).  The higher the bit-depth (8, 16, 24), 
the less the distortion of the digitized signal.  This standard should be adequate for an 
audio collection, despite the recommendations of organizations like the Library of 
Congress and MATRIX.  This is particularly true if a collection is predominantly one of 
speech recordings.  It isn't completely clear that these higher standards produce 
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dramatically improved quality in digital copies.  Michael Seadle asserts, “...the chief 
consequences of over-sampling as a standard for all recordings is an increase in costs 
because of extra processing time and extra storage” (103).  What is important here is to 
note that these higher standards may be efficacious when applied to original recordings of 
exceedingly high quality themselves, such as studio recordings.  But, for the majority of 
dialect and oral history recordings, which are often made under conditions far less 
favorable than those found in a studio environment, they can be excessive.  Michael 
Seadle suggests that, “Oversampling may in fact have no value at all” (102).  It is 
important to reserve judgment for the target materials as to how they will be digitized 
based on the quality of the recording and the resources of the organization.   
 Generally, digitization at the recommended higher standards is highly desirable. 
However, this demands more sophisticated hardware and software, and the storage costs 
also are dramatically greater due to increased file sizes.  The recommendations and 
guidelines offered by the Oral History division of the MATRIX project and other similar 
initiatives offer guidance for best practices in other preservation projects.  This decision, 
however, necessarily will be made based on not only the needs of the target data but also 
the needs of the organization.  Despite the rapidly declining costs of storage, smaller 
organizations may have to choose between saving considerably less of a collection at 
these higher standards or more at lower standards that still faithfully represent the 
original audio at significantly reduced cost in infrastructure and resources.  
6.0 Metadata 
6.1 Definition 
  
Metadata is defined as "structured data about an object that supports functions 
associated with the designated object" (Greenberg 1876).  Metadata is, in essence, 
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information that describes an information object.  It is the bibliographic information in a 
library's card catalog, a MARC record created by the Library of Congress to describe a 
book, or a sophisticated array of automatically and manually created data about a digital 
object.  Metadata, while essential in so many contexts, takes on added significance in a 
digital collection.  “It is more and more recognized that metadata, that is, data that 
describe media, are the key to effective media management” (Westermann, Klas 333).  In 
a digital collection, metadata is literally the means by which a distributed collection of 
related objects are connected; without it, they would be a senseless jumble of bits and 
bytes.  Furthermore, metadata are crucial to the longevity of the digital collection.  The 
importance of metadata cannot be emphasized enough, particularly with multimedia data.  
“Metadata for audio and video is doubly crucial to internal management as well as public 
use of such resources” (“Audio/Video Capture and Management” NINCH).  Clearly, 
metadata is of the utmost importance in the structures supporting any sort of digitization 
effort.   The following sections will serve to address some of the important issues of 
metadata with regards to digitization of analog audio materials.     
6.2 Metadata Categories 
6.2.1 Administrative Metadata 
   
Metadata can be differentiated generally into three categories: descriptive, 
structural and administrative.  Administrative metadata is the stuff with which 
preservation is concerned.  "Administrative metadata record exactly how and item is 
preserved: specifics of hardware used, hardware settings, and signal processing 
employed, including data compression rates" (Brylawski “Digital Objects and 
Metadata”).  The Metadata Encoding and Transmission Standard (METS) definition of 
administrative metadata is more detailed. “...provides information regarding how the files 
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were created and stored, intellectual property rights, metadata regarding the original 
source object from which the digital library object derives, and information regarding the 
provenance of the files comprising the digital library object” (METS).  These definitions 
make clear the importance of administrative metadata's role in preservation.  These data 
are of tremendous importance in relating information about the origins of objects, both 
the digital and source material.  Such information is vital in the maintenance of the 
content over time.    
6.2.2 Descriptive Metadata 
 Descriptive metadata are basically bibliographic metadata.  Such data include 
title, author (or creator, agent), date, subject and much more.  These are the most essential 
metadata to any digitization or digital library project.  They play a vital role in retrieval 
and information discovery, and also facilitate sharing of data across distributed networks 
and repositories.  Descriptive metadata may also include references to other descriptive 
documents, such as MARC records.               
6.2.3 Structural Metadata 
 Structural metadata bring cohesiveness to digital objects and facilitate navigation.   
They are particularly powerful in bringing together components that are scattered across 
directories in a file system, tables in a database, and even across distributed information 
systems.        
 These metadata types potentially represent a tremendous amount of information 
that must be included with each and every digital object.  This is particularly challenging 
when a collection may have little, if any metadata present with the collection at the time 
of migration, perhaps none of it in electronic form.  It is the ineluctable truth that 
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metadata generation will be the most challenging, time consuming and expensive process 
in any digitization project.  In fact, it has been suggested that full repository systems 
might require hundreds of metadata elements for each preserved item (Brylawski “Digital 
Objects and Metadata”).  Like digitization standards, metadata requirements will vary 
among institutions based on goals and resources.   
6.3 Metadata Creation 
 For smaller collections, it is conceivable that metadata can be generated manually 
by a librarian or perhaps trained students.  However, with data sets as large as Dr. 
Wolfram's, other methods must be considered in order to meet the challenge of 
describing not only every object in a collection, but also the means of its digitization and 
how it is stored.  Unfortunately, automatic indexing and metadata generation are still very 
much in their infancy.  Any viable opportunity to generate metadata automatically should 
be carefully examined; even if there is some cost associated with a software acquisition, 
it could save untold hours of labor over the duration of the project.  Many studies have 
approached the viability of generating metadata from audio data sources.  Alicja A. 
Wieczorkowska and Zbigniew W. Ras suggest extracting metadata elements 
automatically from audio, particularly those associated directly with the signal (177).  
Many data such as those describing the physical characteristics of the audio signal can be 
captured easily enough by software solutions used to edit the audio.  Some audio 
software applications store these data in separate files that can be used for a more 
complete description.  This facility can save a significant amount of effort and defray 
some of the costs of describing multimedia files, at least for the administrative metadata.  
Descriptive and structural metadata however, generally will have to be entered manually 
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in some way, usually through some sort of locally designed interface or proprietary 
solution.  Either way, this necessarily increases the expense of creating accurate metadata 
descriptions.  
6.4 XML 
 No discussion of metadata, at least in the digital universe, would be complete 
without some treatment of Extensible Markup Language (XML).  XML is a completely 
free and open technology that was primarily designed for exchanging information via the 
Web.  XML in and of itself does very little; it is, in effect, a framework for allowing 
information providers to structure their data based on language that they themselves can 
create and/or modify.  XML uses a system of user-defined tags to describe data so that it 
can be shared effectively.  This markup looks very similar to Hypertext Markup 
Language (HTML), but serves a very different purpose.  One of the best ways to frame 
any discussion of XML is to contrast it with HTML.  HTML uses tags to display data on 
the Web.  For example, it is used to tell a web browser how to display text, whether as 
bold, italic, etc.  XML, however, defines a set of tags to describe the data itself to 
facilitate sharing and exchange across distributed systems.  XML, though it has its origins 
in simplicity, has spawned a number of related technologies and become a flexible and 
extremely powerful tool for describing Web resources.
6.5 Metadata Standards 
 Another perplexing issue connected to metadata is that of standards.  There are 
countless methods for implementing metadata in a digital library or other collections.  
Peter Rödig makes a significant understatement when he writes, “It seems to be a hard 
task to find the right metadata set” (133).  However, librarians and other practitioners can 
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narrow the search by focusing on standards based metadata sets.  “It is recommended to 
use or adapt a standards-based metadata standard like METS or SMIL” (“Audio/Video 
Capture and Management” NINCH).  There are a wide variety of metadata schemas 
available; as standards often take years to develop and implement, organizations in 
accelerated development environments will often construct schemas of their own to 
accommodate their own particular needs.  “Standards...necessarily lag behind current 
practice” (Rothenberg “The Assault on the Longevity of Digital Data”).  This can prove 
deleterious to compatibility and information sharing if these proprietary schemas are not 
rooted in a standard.  If the target data are to be publicly used and exchanged, adherence 
to some standard is essential.  Proprietary schemas should only be considered for use in 
closed information environments, such as a corporate intranet.  Careful consideration 
must be accorded to what metadata standard will best serve a digitization project.  
Everything depends on good metadata, and good metadata rest on a standards-based 
implementation.  In the following paragraphs, a few of these available standards will be 
considered for use by a project involving the Wolfram collection.  “No single metadata 
schema is the correct one” (Hunter, James 298).  It is unlikely that any one format will be 
correct solution; it is more likely that a digitization project will need to employ a 
composite metadata solution based on two or even more of these standards.        
6.5.1 Dublin Core (DC) 
  The Dublin Core (DC) Metadata Initiative <http://dublincore.org/> is a widely 
recognized and used metadata standard.  It grew very quickly in popularity because of its 
simplicity and relative ease of implementation.  The basic DC element set should be 
considered in this project to describe the descriptive information related to the content.  
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“Useful retrieval will require a basic metadata set for each file, based on a standard like 
Dublin Core” (“Audio/Video Capture and Management” NINCH).  Unfortunately, the 
basic DC element set is not sufficiently rich to serve as the sole source of description for 
the materials of this collection.  “Dublin Core is too simplistic to infer many rich or 
interesting semantic relationships” (Hunter, Little 172).  The basic element set of DC 
consists of but 15 elements.  While DC is very flexible and can be extended considerably, 
it is still found wanting, particularly in facility for describing multimedia.  Little adds, 
“Dublin Core is not designed for describing multimedia resources”.  It is inadequate, in 
particular, for describing the fine-grained details such as segmentation, formatting and 
low-level audiovisual feature metadata which would be most useful for inferring 
interesting semantic relationships between multimedia objects” (173).  Despite these 
important shortcomings, Dublin Core still can play an important role in developing a 
digitization project.  Dublin Core is still widely used and is extremely useful as a baseline 
description format.  In large repositories and distributed accumulations such as the Open 
Archives Initiative (OAI) <http://www.openarchives.org/>.  Dublin Core is essential to 
successful organization, retrieval and sharing of data.       
6.5.2 METS 
 METS <http://www.loc.gov/standards/mets/> is designed to cover all descriptive, 
administrative and structural metadata and is an initiative of the Digital Library 
Federation.  It is a rich and detailed standard, and uses an open standard technology, 
XML (extensible markup language) as developed by the World Wide Web Consortium 
(W3C).  METS is also used extensively by the Library of Congress and is well suited to 
describing multimedia data.  “The Library of Congress Audio-Visual Prototyping Project 
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has also developed a draft set of extension schemas to use within METS for encoding 
preservation metadata specific to audiovisual content” (Hunter, Choudhury 480).  The 
standard is particularly powerful for structural metadata, which is the type that allows a 
collection of multimedia objects and related data to remain coherent.  What is particularly 
interesting about METS is that it is also a means to incorporate disparate descriptive 
metadata into itself.  That is to say, METS uses XML schemas to allow other descriptive 
formats and standards, such as DC, MARC or virtually any descriptive metadata to exist 
within its framework.  METS is itself a powerful tool for description.  This facility for 
incorporating other descriptive metadata from other formats and standards makes it a 
very attractive option for practitioners that wishes exploit more than one means of 
description into its metadata strategy.         
 Nevertheless, METS should be approached with caution.  “There is little 
likelihood that METS or any other format will be adopted universally” (Brylawski 
“Digital Objects and Metadata”).  This is very likely true.  Standards take considerable 
time to develop and are often left behind as individual projects move forward on their 
own initiative.  METS is also a relative newcomer to the veritable drove of standards.  
Michael Seadle asserts, “METS is almost too new to be used, except experimentally, for 
recorded sound materials” (107).  Despite these caveats, the adoption of METS by 
leading digital library initiatives, its modification by the Library of Congress for 
multimedia data, and its richness and flexibility make it a viable option for use in a 
digitization effort.  Its adoption by key institutions will not ensure that it will be widely 
embraced; however, it will promote its evolving into a richer, more fully realized 
standard.         
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6.5.3 SMIL 
 A standard specific to presentation that was considered for use in this composite 
was the Synchronized Multimedia Integration Language (SMIL) 
<http://www.w3.org/AudioVideo/>.  SMIL is a simple, HTML-like standard developed 
by the W3C to integrate multimedia, and is particularly useful for synchronizing various 
multimedia into a cohesive presentation. SMIL could, in the case of this project, be used 
to synchronize the recorded audio with transcripts so that the corresponding text of a 
transcript might be matched with its audio component.   Unfortunately, there seem to be 
some drawbacks to the use of SMIL.  Though it is a W3C standard now in version 2.0 
and is platform-independent, SMIL presents some challenges in implementation.  
Interestingly, the Internet Explorer browser, in versions 5.5 and higher, supports SMIL 
multimedia presentations within the browser itself quite well.  However, it requires the 
addition of code specific to the Explorer browser in order to function properly.  Local 
testing revealed that this same code will not function as well in some other browsers, 
including Netscape and the increasingly popular Mozilla browsers.  Often, the individual 
media objects would be rendered by the browser, but without the synchronization 
included in the code.  SMIL also enjoys excellent support from the Real Audio player and 
Apple's popular QuickTime player.  If the intent of the project is to reach an audience that 
predominantly uses the Internet Explorer browser or these specific players then the 
implementation of SMIL would be worthy of consideration; however, to reach the 
broadest possible audience, a solution that works equally well across platforms and 
browsers should be considered.      
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 The issue of metadata might seem to be the least of a practitioner's worries in 
approaching a digitization project, but it is one of the most challenging issues facing any 
digital preservation effort.  It requires careful consideration and allocation of resources in 
implementation.  The correct choice and implementation of metadata strategies could 
very well determine the success or failure of a preservation enterprise.  For the Wolfram 
collection, the choices are particularly difficult, as one must consider original recordings, 
transcripts and digitized recordings.  As it is likely that any solution will involve the use 
of multiple standards, METS would serve well as a container for other standards that 
might also be used.  Additionally, METS has excellent facility for describing multimedia 
content.  Dublin Core should be used for basic descriptive metadata and information 
exchange.  This metadata can be then incorporated into METS, along with any additional 
metadata necessary for presentation or other purposes.     
7.0 Tools of the Digitization Trade 
7.1 RDBMS Issues and Challenges 
 
 From the perspective of preservation, the Relational Database Management 
System (RDBMS) is without a doubt the means of best guaranteeing the longevity of 
digitally preserved materials.  “Database technology is a core technology we are 
convinced will survive a long time” (Rödig, et al. 137).  Databases, in fact, form the 
fundamental basis for storage and retrieval of information.  When utilized effectively, 
they offer unprecedented capacity, efficiency, accuracy and data redundancy. 
7.1.1 Open Source RDBMS Solutions 
 There are a variety of robust, powerful database solutions available on the market. 
Many of them, however, are of proprietary origin and can be quite exorbitant.  Two such 
examples are Oracle and IBM's DB2.  Both offer a wide range of functionalities that 
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make them very attractive RDBMS systems, but they are extremely complex systems that 
are not only very costly to acquire, but also represent significant costs in maintenance and 
expertise.  In recent years, open source database solutions have been gaining considerable 
market share as they mature.  The most popular of these systems, the MySQL database 
server, has been widely adopted to serve the needs of a variety of markets, including 
educational and cultural institutions that have need of cost effective solutions to data 
management challenges.  “The main features of MySQL are speed, robustness and ease 
of use” (Das, Devgan, 525).  MySQL is a robust and scalable database server that is 
powerful enough to scale up to large projects but is also much more cost-effective to 
implement, both in terms of up-front costs and also in long-term management.        
7.1.2 Multimedia in RDBMS 
 An important issue in the realm of RDBMS is that of handling multimedia files.   
Rather than store large multimedia files in database tables, some elect to store them in the 
directory tree of the server, referencing these files from a 'pointer' in the database.  A 
pointer is a reference to the location of the media file stored in a field in the database.  
This allows the RDBMS to run more efficiently.  The alternative is to store the 
multimedia objects in relational tables as binary large object (BLOB).  Most available 
RDBMSs support a variety of BLOB datatypes.  This allows one to store truly large 
amounts of data such as multimedia files.  However, the BLOB is better utilized by 
storing very large text documents, such as the transcripts that might accompany an audio 
file.  Storage of such text documents in a BLOB allow for greater flexibility in searching 
the document.  A BLOB datatype has the capacity to store very large multimedia objects 
within the RDBMS structure.  When considering this option it is important to remember 
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that these BLOBs of multimedia should be stored in a separate table from other related 
data.  This will ensure against unnecessary amounts of memory and network capacity 
being absorbed by retrieving the BLOB when only the related data are the target of a 
query.  Nevertheless, storing large multimedia files within an RDBMS may always prove 
deleterious to the operation of the database.  As there seems to be no clear advantages to 
storing multimedia files in a BLOB, storage of the multimedia files in the file system is 
recommended.  
7.2 Middleware 
 Middleware is defined as, “…describes software agents acting as an intermediary 
between different application components. It is used most often to support complex, 
distributed applications” (Middleware).  There are a number of choices available in 
middleware and associated technologies. As the MySQL RDBMS has been identified as 
a qualified candidate for storing the data of the Wolfram collection, the search for an API 
will be confined to those that work well with this solution.  MySQL offers a number of 
middleware application programming interfaces, or APIs.  The most commonly used 
APIs available to MySQL are C, Perl DBI, PHP and Java.     
 A brief consideration of the choice of middleware should include some 
comparison of the available choices.  Emmanuel Cecchet asserts, “PHP scripts are more 
efficient than Java servlets” (260).  This follows, as Java is a compiled rather than an 
interpreted language.  This means that the code must be run through a compiler, an 
additional step that can diminish its efficiency and add to system overhead.  Cross-
platform compatibility of Java, however, is very high and it scales well, making it an 
attractive choice despite the performance shortcomings.  PHP and Perl are very similar in 
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many ways, but do different things well.  “Database access is one of PHP's biggest           
strengths” (DuBois 311).  PHP has an unparalleled level of compatibility with the 
MySQL RDBMS and is relatively simple to code, but its support for XML is sketchy.  
Perl is very powerful but generally more difficult to code; however, it has a robust and 
highly portable API in the Perl DBI.  Based on a number of factors, it is believed that 
PHP will make the best choice for the middleware for the project.  It is open source, free, 
widely accepted, has an excellent API for the selected RDBMS, is relatively simple and 
now has expanded support for object-oriented programming and XML in its latest 
version.               
8.0 Recommendations for Execution  
 
The following sections represent some recommendations for the Wolfram 
collection based on the findings of this paper.  These recommendations are not 
exhaustive, and cover in rather broad strokes some of the actions that should be 
considered in approaching the digitization of this large accumulation of analog audio 
recordings.     
8.1 Selection 
  
Selection of material for digital preservation is not unlike the selection practices 
for analog counterparts.  Nevertheless, selection represents an enormous challenge to 
those wishing to pursue digitization projects, as the investment in the preserved objects is 
great.  “In the digital world, preservation is the creation of digital products worth 
maintaining over time” (Conway “Conclusion”).  Evaluating potential target materials for 
digitization would seem to require nothing less than clairvoyance.  Collection 
development staff, whose responsibility it often is to perform the task of selection in large 
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institutions, must be judicious indeed.  A collection that will demand a significant 
investment of resources must have lasting value.  Justifying a digitization project by 
simply providing greater access today is of little consequence if the collection has limited 
appeal to a community of potential users.  “The mere potential of increased access to a 
digitized collection does not add value to an underutilized collection” (Conway 
“Preservation in the Digital World”).  Paul Conway goes on to underscore this point by 
writing, “Unused digital products might as well not exist” (“The Transformation of 
Choice”).  It is important to carefully weigh the costs of digitization with the potential 
benefits, both in the short term and for the future.     
 In approaching the Wolfram collection, it is indeed difficult to ascertain which of 
the hundreds of recordings best represent the collection and will attract the most attention 
to the effort to preserve it.  It is hoped that initial efforts will generate sufficient interest 
to ensure the continuation of the project.  It is for this reason that selection of the first 
materials is of the utmost importance.  In order to ensure the best chance of success in 
continuing the project, it is recommended that the Ocracoke recordings be among the first 
to be selected for digitization.  Wolfram and one of his colleagues, Dr. Eric Thomas, felt 
that these would represent the collection well to the public and that they had need of 
preservation action.  Dr. Wolfram is himself intimately familiar with these recordings, 
having participated in most of the interviews himself.  He is also an undisputed authority 
on the Ocracoke dialect.  Ocracoke is now a popular tourist destination, and the dialect of 
this isolated community has captured the imagination of the public.  Furthermore, legal 
complications with these recordings should be minimal, either with copyright or privacy 
concerns.  Unfortunately, the existence and quality of transcripts for the collection are 
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inconsistent.  Some have them while others do not, and the quality of the transcript 
varies.  Furthermore, some transcripts do not exist in electronic format.  Recordings that 
have strong transcripts in electronic format should be selected first, not only for reasons 
of practicality, but also that the possibilities of multimedia synchronization might be 
demonstrated.  Most importantly, the Ocracoke dialect is in particular danger from 
becoming extinct as social and economic pressures continue to erode it.  Consequently, it 
should be considered a priority in a digitization effort for this collection.   
8.2 Digitization 
 Digitization is the conversion of acoustic signals, represented by analog waves, to 
a stream of numbers (binary) that can be understood by a computer. “The conversion to 
digital is achieved using a device called an analog-to-digital converter (ADC).  To play 
back, the stream of numbers is converted back to an analog wave by a digital-to-analog 
converter (DAC)” (“Audio/Video Capture and Management” NINCH).  The sound card 
in most any PC will contain the DAC to reproduce acoustic waves from a digital source, 
though investment in a higher quality sound card is highly encouraged.  A high-quality 
sound card can minimize undesirable noises and distortions in conversion and playback.  
The ADC consists of an array of sophisticated and potentially expensive equipment.  
These solutions can range from a few thousand to as much as $100,000 or more.  
Naturally, the decision as to the level of investment will have to be made by the 
individual institution.   
Once selected, the cassettes likely will be digitized in real time.  Unfortunately, 
the means to speed up playback to 2x or 4x while recording to digital media exists only in 
particularly expensive hardware solutions.  Consequently, unless sufficient resources are 
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available for investment in such hardware, every hour of existing analog audio will 
correspond to an hour of digitization work.  The first copy should be of preservation 
quality, recorded at the highest fidelity that is practical.  As indicated by the Library of 
Congress, Harvard, and other authoritative sources, the best audio quality target for 
preservation should be sampled at 96 kHz and 24-bit depth and captured in WAVE 
format.  In the case of speech recordings from source cassette tape, it is likely that lower 
resolutions (44.1 kHz/16 bit) will be generally acceptable, and the higher settings will 
only result in dramatically larger file sizes with a negligible difference in sound quality.  
This choice is a significant one.  Future advances in audio engineering may make these 
higher resolutions accessible in unforeseeable ways.  Nevertheless, given the massive 
storage requirements of the larger files, it is possible that a choice will have to be made as 
to whether to digitize more at a lower resolution or considerably fewer at the higher.  
Given the size and nature of the collection, it is advisable to convert the recordings at the 
lower resolution (44.1 kHz/16 bit), so as to preserve as much of the collection as possible 
with available resources. 
 The preservation master, as recommended by the Library of Congress, should be 
an exact replicate of the original analog content regardless of what recording level is 
selected.  That is to say, no editing should be performed on this 'master' copy.   The 
National Initiative for a Networked Cultural Heritage (“Audio/Video Capture and 
Management” NINCH) also makes a similar recommendation: “It is important to keep 
one master copy of the raw source material that has not been edited for content, as a 
permanent reference file” (“Audio/Video Capture and Management” NINCH).  Ideally, a 
second copy should then be made to clean up the audio to achieve the best possible sound 
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quality; this can include removing ambient noise, hiss, and other undesirable artifacts of 
the original recording. “But it can also be very useful to keep one version of the file as a 
sub-master” (“Audio/Video Capture and Management” NINCH).  This submaster, though 
it does necessitate additional storage infrastructure, can save enormous amounts of 
engineering time in the future if additional edited, high resolution copies are required.  
These processes can represent as many as three or more hours of engineering time for one 
hour of audio and can account for a significant amount of investment in the project. 
8.3 Preservation Actions for Original Recordings 
  
 Audio cassettes are said to be usable for as long as 25 or more years depending on 
frequency of use, handling and the environment in which they’re maintained (Solinet 1).  
This is astonishing for what seems a rather fragile medium.  Despite this, audiotape is in 
no way a deathless medium, and faces deterioration through use and time.  Michael 
Seadle asserts, “The point is simply that magnetic tape is not and never has been a viable 
long-term preservation medium for recorded sound” (99).  Making additional analog 
copies is one way to head off potential losses, but analog sound quality diminishes with 
each copy as information is lost and noise introduced with each new copy (Seadle 99).  In 
contrast, unlimited digital copies can be made without loss of data or sound quality.    
Finally, and perhaps most compelling, is the matter of access.  A cabinet in a linguistics 
lab is accessible only to a few specialists; digitizing a collection such as this and 
deploying it in an accessible way on the Web not only preserves it from loss, but also 
makes it widely available to a broader audience.  
 Whether or not taking such steps to preserve the original media is desirable will 
depend on the organization and its goals.  It will be important to bear in mind the costs of 
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what amounts to an emulation strategy, even if it is subordinate to a decidedly migratory 
strategy.  For this particular collection, the cassette tapes can certainly be retained, but it 
is recommended that no unnecessary resources should be expended for their maintenance 
once their content has been moved to a digital format.        
8.4 Preservation Actions for Digital Recordings 
 The master wave file of the interview should be recorded to one or more high-
quality, recordable compact disks (CD-R).  In a fully realized audio digitization effort, 
these master files should also be retained in the file system of a server with tape backup if 
sufficient space is available.  CD-Rs, however, may represent both the master 
preservation copy and one or more use copies for circulation to patrons.  Because of the 
nature of this collection (little or no public circulation), one master CD-R may suffice.   
The edited copy should then be converted to a compressed format, the recommended 
being MP3.  These formats use compression algorithms to dramatically reduce the 
amount of storage space required to maintain them.  They are also more useful for 
delivery over the Web for access purposes.  These files will be maintained in the file 
system on a server for distribution via the World Wide Web, and are accessible based on 
a number of search criteria through a Web-based interface.  
8.5 Metadata Implementation 
 Metadata implementation should be decided at the institutional level, as it may 
well represent the greatest of all costs in developing a digitization project.  In any case, 
careful consideration should be accorded to standards-based metadata solutions such as 
METS and Dublin Core.  These standards are widely used and have been adopted and 
extended by some of the leading institutions in the field of digitization.  It is unlikely that 
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any single metadata standard will offer a complete solution to the needs of a digitization 
project, particularly one involving multimedia objects.  Consequently, a composite 
solution involving perhaps two or more metadata standards will be necessary to 
adequately describe, organize and preserve a multimedia collection for the ages.  One 
possible composite or hybrid solution would be the use of Dublin Core for relatively 
superficial description and sharing objects across distributed repositories and METS to 
comprehensively describe the collection objects, incorporating other descriptive 
standards (MARC, etc.) into its structure.      
8.6 RDBMS and Middleware  
 The selection of an open source RDBMS solution such as MySQL and its family 
of related technologies would certainly serve to mitigate some of the costs associated 
with a digitization project.  The relatively low cost of these technologies, in acquisition 
and in maintenance, make them very suitable to institutions of limited resources that wish 
to develop and host their projects.  The use of PHP or other API for MySQL would make 
it relatively easy to develop the applications needed to implement the project as these 
technologies can be relatively accessible to less technically oriented staff.  These 
applications may include facility for entering all manner of descriptive data into the 
database tables and additional tools for extracting data for transformation into XML, 
HTML and other formats. 
8.7 Staffing  
 There are many challenges to allocating resources to any digitization project, but 
often an inordinate amount of consideration is accorded to equipment and related 
concerns.  Successfully identifying and deploying human resources can prove every bit as 
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difficult as acquiring the right tools and may play an even greater role in the long-term 
success of a project.  “Staffing decisions are some of the most critical decisions managers 
will have to make when planning a digitization project”  
(North Carolina Exploring Cultural Heritage Online (ECHO) “Project Management”).  
There are a number of facets to consider with regard to staffing a digitization project, 
including what sort of persons to hire and consideration of outsourcing.     
In the current economic climate, it is likely that almost any organization will elect 
to hire a mix of professional and non-professional staff.  North Carolina Exploring 
Cultural Heritage Online (ECHO) identifies the following as likely positions for a 
digitization project: 
• Advisory board (key administrator, technical advisors)
• Project manager 
• Curatorial staff, archive staff, library staff, volunteers, interns 
• Cataloger 
• Systems analyst 
• Programmer 
• Web designer 
• Photographer 
(North Carolina Exploring Cultural Heritage Online (ECHO) “Project Management”) 
In smaller organization it is likely that two or perhaps even more of the roles associated 
with a serious digitization effort may have to be assumed by one person.  For example, a 
project manager may also have to assume the role of systems analyst, and a programmer 
might also be tapped to perform the functions of a web designer.  Positions such as these 
likely will be filled by permanent staff and contract workers.  Professional staff will 
include librarians, programmers and other highly skilled persons that will be expected to 
assume their assigned roles with little training, or learn what they must in the 
   
 
41
 
performance of their duties.  Permanent positions represent a large investment in 
resources, and judicious consideration must be accorded to filling these positions with the 
right people.  The returns on successfully identifying persons with the right 
characteristics and skills can be well worth the investment.   
For certain projects, contract personnel may be considered for assuming certain 
roles, particularly if an organization is considering a grant-funded or short-term project.  
Smaller institutions may also wish to consider contract workers, as they generally require 
less in the way of remuneration and benefits.  However, contract employees can offer 
more that just relatively cheap labor.  “These short-term personnel can be useful in 
raising the training levels of career staff and in introducing stimulating and alternative 
work methodologies” (North Carolina Exploring Cultural Heritage Online (ECHO) 
“Project Management”).  Contract workers often are hired for their unique skills and can 
make considerable contributions to a project through sharing their skills and experiences 
with permanent staff. 
Interns, students, volunteers and other non-professional persons may also be 
brought on to provide general assistance and perform targeted tasks.  These tasks might 
include research, cataloging, scanning and digitization, and much more.  It can be very 
cost effective to employ these types of workers, and they can be invaluable to improving 
the workflow of a large project.  If the power of their labor is effectively applied, the 
benefits to a project can far outweigh the pecuniary costs.  Opening such positions to 
students and interns can also create enormous benefits for the participants as well.  Not 
only do these employees have the potential to defray project employment costs, they also 
benefit from working on such projects and will be able to take their experiences and 
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knowledge with them to enrich other such initiatives, should they continue to work in the 
field.     
Outsourcing may also play an important role for many digitization projects.  
“Outsourcing is an attractive option for some institutions because the expense of an in-
house digitization project can be considerable if the required infrastructure is not present” 
(North Carolina Exploring Cultural Heritage Online (ECHO) “Project Management”).  If 
pecuniary resources are insufficient to procure needed hardware, software and expertise, 
some organizations may have little choice but to take advantage of outsourcing as a 
means of achieving its goals.  An excellent example of outsourcing may be found in any 
future project involving the Wolfram project.  Many of the existing transcripts for the 
dialect interviews do not exist in electronic format.  A possible use of outsourcing might 
be to have these transcripts rendered into XML or other machine-readable formats.  Other 
considerations regarding outsourcing may include the nature of the target materials and 
whether or not the project is short-term or will become a part of the organization’s 
mission.  Organizations with rare or fragile objects should seriously consider investment 
in infrastructure to preserve the integrity of their materials.  Digitization increasingly is 
becoming an important part of the mission of many libraries, museums and other cultural 
institutions.  If digitization is to become a routine part of the organization’s mission, 
investment in infrastructure should be considered rather than outsourcing.  Over time, it 
is possible that certain tasks that may have been previously outsourced will be 
incorporated into the organizational workflow as permanent staff gain more experience 
and learn to effectively employ resources internal to the organization.  Ideally, important 
and interesting work that is critical to the success of the project should be assigned to 
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veteran permanent staff and more experienced contract workers and students.  Less 
sensitive, and perhaps larger, more mundane tasks might then be considered for 
outsourcing.     
Staffing undoubtedly will prove one of the most formidable challenges facing a 
digitization project.  A careful balance of permanent staff, qualified contract workers, 
students and interns may be the only way for fiscally burdened organizations to approach 
a digitization effort.  Consideration of outsourcing options also will play an important 
role for organizations of any size, but the decision to outsource can be particularly 
poignant for smaller organizations that may have little choice given limited available 
resources.  These decisions must all be carefully weighed based on the needs and goals of 
a given organization.  For short-term and grant-funded digitization projects, outsourcing 
and greater reliance on contractors and interns may prove to be more cost effective. If, 
however, digitization is to become an integral part of the organization’s goals, then 
greater investment highly qualified permanent staff should be carefully considered.  For 
these organizations, the consolidation of skill sets in permanent employees as tasks 
become permanent in the workflow will ease staffing pressures in the long run.  Clearly, 
staffing demands at least as much consideration as investment in technical infrastructure, 
as the success or failure of a project may well be determined by the effective deployment 
of human resources.               
9.0 Conclusion   
 This study has served to explore some of the many facets of a digitization project 
involving analog audio collections.  This field of endeavor represents enormous 
challenges and opportunities for further research into the variety of available means for 
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implementing such ambitious projects, and the possibilities for developing new solutions 
based on emerging technologies are multitudinous.  The fragility of these analog 
materials and the tremendous value of their contents represent a crisis that demands 
preservation intervention.  Migration to digital formats represents the best possible hope 
for these collections.  Many of the institutions that have significant A/V holdings may 
have limited access to the expertise, technologies and other resources needed to execute a 
viable digitization strategy.  Whenever possible this study has sought to identify possible 
ways to mitigate the costs of preserving these collections by identifying open source 
alternatives to exorbitant proprietary solutions.  No matter what the ultimate pecuniary 
cost, it must be remembered that the alternative--the loss the content of these declining 
media, is unthinkable.  The Wolfram collection and many others like it must be preserved 
so that these valuable materials and to make them accessible to all through economical 
means.  This collection could be transformed from an isolated and deteriorating record to 
a robust and accessible trove of knowledge of North Carolina’s disappearing folkways, 
oral histories and dialects.  Furthermore, it could serve to demonstrate the possibility of 
economically transforming similar collections held by libraries and other institutions.   
Exploiting available and emerging technologies for their preservation potentially could 
make these collections available to audiences everywhere there is network access, 
perhaps indefinitely.  
10.0 Future Work 
 Work in the field of digitization of analog audio has been going on for some time. 
But as old technologies fade and new technologies emerge, it will doubtless remain a 
fecund area of research and development in nearly all of its facets.  One of the more 
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challenging aspects of handling this sort of data is that of synchronized presentation of 
multimedia.  Various projects have approached this in a number of different ways, using 
SMIL or other solutions.  For the Wolfram collection, the challenge lies in adding 
functionality to serve the specific needs of linguists and other specialists.  The ability to 
search the audio files and their accompanying transcripts for particular dialect features 
and unique vernacular artifacts should be an important goal in any project involving this 
collection.  Synchronizing these two documents, audio and text, represents a formidable 
challenge, the resolution of which would bring added value to the online presentation of 
the collection.  Other attractive areas of research include enhanced automation of 
metadata generation and the use of ontologies to enhance retrieval at increasingly higher 
levels of semantic specificity.  Advances in the handling of multimedia and XML in 
relational and native XML database solutions also offer an appealing area of inquiry.  
The possibilities for research in this field are truly remarkable and will become no less 
poignant as increasing numbers of precious analog audio collections are threatened with 
inevitable loss.     
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Appendix A: Glossary of Terms 
  
Anti-aliasing Frequency sampling sometimes generates a false frequency, or alias.  The 
 filtering of input to prevent the resulting audio distortion is referred to as anti- 
 aliasing. 
Decibel (dB) A unit of measure for the intensity or loudness of sound. 
Dither A small amount of noise added to the audio signal before sampling that has the  
 effect of mitigating the effects of quantization error. 
Hertz (Hz) The international unit of measure for frequency, denoting one cycle or event 
 per second.  
Kilohertz (kHz) A unit of measure for 1,000 cycles or events per second.           
Nyquist frequency A sampling theorem that shows that accurate sound reproduction  
 demands a sampling rate twice the highest frequency present in the sample. 
Oversampling Achieves higher resolution by rendering quantization error insignificant.  
Quantization The process of dividing a continuous signal into a number of non-  
 overlapping subranges.  16-bit (binary digits) encoding is standard for the  
 commercial CD-R.   
Quantization error/noise The difference between the analog signal and the closest  
 sample value.    
Sampling Rates the number of samples of a waveform captured each second to represent 
 audio in digital format.  A commercial CD-R typically records at 44 kHz (44,000 
 cycles per second).   
Wave A disturbance or variation that transfers energy progressively from point to point 
 in a medium. 
